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2. Claims 

1. A method for monitoring send. conductor wafer processing 
• system parameters comprising the steps of: 

acquiring parametric data indicative of system 
characteristics; 

correlating said data from various sources of 
parametric data to form a correlation signal; 

defining a trigger criterion corresponding to a 
particular value of said correlation signal to form a 
trigger point; 

comparing said correlation signal to said trigger point 
to determine the existence of a specific characteristic 
within the system; and 

reacting to said comparison. 

2. The method of claim 1 wherein the parametric data is 
acquired by a plurality of sensors connected to the 
semiconductor wafer processing system. 

3. The method of claim 2 wherein one of the sensors detects 
optical emissia of plasma in the semiconductor wafer 

• processing system. 

4. The method of claim 2 wherein one of the sensors detects 
RF reflected power or tuning voltage. 

5. The method of claim 2 wherein one of the sensors detects 
temperature in the semiconductor wafer processing system. 

6. The method of claim 2 wherein one of the sensors detects 
pressure in the semiconductor wafer processing system. 

i 

7. The method of claim 2 wherein one of the sensors detects 
reactive gas analyzer signals in the wafer processing 
system. 
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8. The method of claim 1 wherein the trigger criterion is 
defined by a simultaneous change in two or more wafer 
processing system parameters. 

9. The method of claim 1 wherein the step of correlating 
data is accomplished by a signal analyzer that accepts input 
of the parametric data and provides output of control 
signals to a wafer processing system 'controller. 

10. An apparatus for monitoring a wafer processing system 
(100) using multiple process parameters c omprising: 

a plurality of wafer processing system parameter signal 
generators (108, 110, 114, 120) producing a plurality of 
parameter signals, 

a signal analyzer (122) connected to said wafer 
processing system parameter signal generators (108, 110, 
114, 120) for correlating two or more parameters, and 

at least one decision output signal (13 6) from the 
signal analyzer (122) . 

11. The apparatus of claim 10 wherein one of the signal 
.generators is an optical sensor (120) -. 

12. The apparatus of claim 10 wherein one of the signal 
generators is an RF reflected power or tuning voltage sensor 
(108), 



13. The apparatus of claim 10 wherein one of the signal 
generators is a temperature sensor (114) . 

14. The apparatus of claim 10 wherein one of the signal 
generators is a chamber pressure sensor (114> . 

15. The apparatus of claim 10 wherein one of the signal 
generators is a reactive gas analyzer (114) . 

16. The apparatus of claim 10 wherein one of the signal 
generators is from a wafer processing system controller 
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(110) having an input of the decision output signal (136) 
from the signal analyzer (122) and a plurality of outputs 
connected to the wafer processing system. 

17, The apparatus of claim 10 wherein, the signal analyzer 
(122) is a general purpose computer. 

18. The apparatus of claim 16 wherein one of- the outputs is 
an input to an RF power supply (108) . 

19. The apparatus of claim 16 wherein one of the outputs is 
an input to a electrostatic chuck power supply (112) . 

20, Ine apparatus of claim 16 wherein one of the outputs is 
an input to a gas supply (14 4) . 
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BACKGROUND OF THE DISCLOSURE 

1. Field of the Invention 

The invention relates to Semiconductor wafer processing 
systems and, more particularly, to a method and apparatus 
for performing in situ monitoring of process .parameters of a 
semiconductor wafer processing system. 

2. Description of the Background Art 
Plasma enhanced processes that occur within a 

semiconductor wafer processing; system are generally designed 
to run for a specific length of time and are monitored using 
an optical emissions spectroscopy <0ES) technique. The OES 
ecxuipment couples to a transparent window of a reaction 
chamber containing the plasma. The OES equipment monitors 
the optical emissions from the plasma , Typically, a single 
wavelength is extracted (filtered) from all of the emiesia 
of the plasma, and the magnitude of the signal at the 
extracted wavelength indicates the present chemistry within 
the chamber. A change in this chemistry will increase or 
decrease the magnitude of the signal at the extracted 
wavelength and, as such, indicate a change in the process 
occurring within the chamber. 

For example, a plasma in a dry etch process is 
typically monitored by extracting the carbon monoxide (CO) 
emission line at 483 5 angstroms. A change in the magnitude 
of the carbon monoxide line is indicative of the endpoint of 
an oxide etch process . 

Extracting a particular line, as well as suppressing 
the noise generated by the plasma at other wavelengths, 
requires substantial signal processing and careful OES 
equipment fabrication and calibration. Such endpoint 
detection requires the detection of a very small change in 
signal strength at a particular optical wavelength. As 
such, the desired signal is easily corrupted by noise. If 
care is not taken while monitoring the process, the endpoint 
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may not be detected, and the wafer will be over etched. Such 
overctching may destroy the integrated circuits on the wafer 
and reduce the yield of the semiconductor wafer processing 
system. 

Therefore, there is a need in the art for improved 
monitoring techniques for a semiconductor wafer processing 
system and especially for detecting etch endpoint as well as 
other process characteristics Within a reaction chamber. 

SUMMARY OF THE INVENTION 

The disadvantages associated with the prior art are 

overcome by the present invention of a method and apparatus 

that monitors processes performed by a semiconductor wafer 
processing system using multiple process parameters. 

Specifically, the present invention analyzes multiple 
process parameters and statistically correlates the 
parameters to detect a change in process characteristics 

such that the endpoint of an etch process may be accurately 
detected, as well as detecting other process characteristics 
within a chamber. The multiple parameters may include 
plasma optical emissia, environmental parameters such as 
pressure and temperature within the reaction chamber, rf 
power parameters such as reflected power or RF match tuning 
voltage, and system parameters such as particular system 
configurations and control voltages 

More specifically, the invention contains a statistical 
engine which correlates all of the relevant parameters for a 
particular system configuration, and when a particular 
number of parameters indicate a specific change in 
characteristics within the reaction chamber, the statistical 
engine produces a decision which may indicate completion of 
a particular wafer process, ror example, the decision may 
indicate that the etch endpoint has been attained, may 
indicate that the chamber requires cleaning, or may indicate 
some other task needs attention. These decisions may be 
coupled to a system controller such that feedback is 
provided to the system controller to facilitate integrated 
control of the entire semiconductor wafer processing system. 
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The statistical engine is an executable software 
program generally executed on a general purpose computer 
system. However, the statistical engine could be a 
subroutine that is executed within the microprocessor of the 
system controller. 

The statistical engine forms part of a data acquisition 
and processing routine that acquires data from various 
sensors within the semiconductor processing system, 
correlates that data across the various measured parameters, 
and periodically stores the correlated data, A previous 
wafer's correlated data is compared to the present wafer's 
correlated data to determine a correlation trend from wafer- 
to-wafer. If the correlation trend exceeds a particular 
threshold, a wafer-to-wafer flag is set. Depending upon the 
parameters that are correlated to produce the trend, such an 
indication may lead to the requirement that the chamber be 
cleaned. The correlation data for the presently-processed 
wafer is also compared to a decision threshold to determine 
whether or not, for example, the etch endpoint has been 
attained for the present wafer. If the endpoint has not 
been attained, the query is answered negatively, and the 
routine continues to acquire data and correlate the data on 
a periodic basis throughout the processing of the present 
wafer. At a point where the decision is made that the 
endpoint has been reached, the process is stopped, and then 
the routine queries whether another wafer should be 
processed. If the wafer- to- wafer flag has been set, another 
wafer will not be processed, and the routine will enter a 
new processing phase, e.g., cleaning the chamber. If a new 
wafer is required, the routine will move to acquire data 
with respect to the next wafer. 

By correlating multiple parameters, the signal to noise 
ratio (SNR) of the correlated signal is substantially 
improved over the SNR of any single parameter. As such, 
smaller process changes can be detected and action, in 
response to those changes, can be rapidly taken. Moreover, 
correlation trend monitoring not only provides wafer 
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processing characterization but system characterization as 
well. 



The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings, 

To facilitate understanding, identical reference 
numerals nave been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION 

fig, 1 depicts a block diagram of a semiconductor wafer 
processing system 100 coupled to a signal analyzer 122 of 
the present invention. The semiconductor wafer processing 
system 100 contai n s a reaction chamber 102 having a. wafer 
support pedestal or susceptor 106, an RF power supply 108, a 
chuck power supply li2, a reactive gas supply assembly 148 
and a system controller 110. The susceptor 106 supports the 
wafer 13 8 in the chamber. The susceptor 106 contains, for 
example, an electrostatic chuck 134 for biasing the wafer 
and retaining it upon the support surface of the susceptor. 
The chuck is powered by the chuck power supply 112. The 
susceptor also forms a cathode for the plasma generation 
system. The cathode is coupled to the RF power supply 108. 
For example/ in an etch system, a plasma is generated by 
coupling the RF power to a reactive gas. The reactive gas 
assembly contains a gas supply 144 that supplies a reactive 
gas via conduit 146 and manifold 142 to the chamber 102. To 
ignite the plasma, RF power is applied to the cathode. The 
chamber walls are grounded / and the electric field between 
the chamber walls and the cathode ignites a plasma 104 
within the reaction chamber. 
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The chuck electrode voltage and the rf power levels are 
controlled by the system controller 110, The plasma 
performs plasma -enhanced dry etching of the surface of the 
semiconductor wafer 138. This simplistic drawing of a 
semiconductor wafer processing system is intended to be 
illustrative of the major components of the system. 

Signal analyzer 122 acquires data from a number of 
sources within the semiconductor wafer processing system. 
For example, optical eniissia of the plasma 104 are passed 
through a transparent window 116 to the optical detector 
120. The optical detector 120, positioned outside the 
chamber 102 directly in front of the window 116, converts 
the optical energy that is coupled through the window into a 
voltage. The voltage is coupled as one parameter (e.g., an 
optical emission spectroscopy (OES) parameter) to the signal 
analyzer. The optical detector may be of many types such as 
a bandpass photon detector or a photomultiplier tube using a 
monochromator to select a particular optical wavelength for 
detection. 

The RF power supply 108 generates RF parameters. These 
parameters include reflected power or the tuning voltage 
used to tune the match unijt to the impedance of the plasma. 
Changes in the reflected power and/or the tuning voltage are 
indicative of chemistry changes within the chamber. 

The system controller 110 provides control signals to 
the RF power supply 108 and the DC chuck power supply 112. 
Additionally, it generates system parameter signals which 
are coupled to an input circuit 140 of the signal analyzer 
122. The chamber may also include a number of environmental 
sensors 114 such as temperature sensors, fore line and 
chamber pressure sensors, reactive gas analyzing sensors and 
the like. These sensors generally produce analog voltages 
that are also coupled to the input circuit 140. The input 
circuit synchronizes, digitizes and buffers the data, as 
needed . 

The signal analyzer 122 is typically a general purpose 
computer having a central processing unit (CPU) 12 4, a 
plurality of input/output devices 126, support circuits 128 
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(e.g., power supplies, clock circuits, bus controllers, 
cache, and the like), read only memory (ROM) 13 0, and random 
access memory (RAM) 132. The interrelation and operation of 
these components of a general purpose computer are well 
known in the art. 

The signal analyzer correlates all or a subset of the 
parameters that are provided as input to the analyzer. The 
data acquisition and processing routine 2 00 is an executable 
software program which generally resides in RAM 132 as it is 
executed by the CPU 124. Decisions made in response to 
processing the parameters are provided as an output of the 
signal analyzer 122 . These decisions may be coupled along 
path 136 to the system controller for implementation. As 
such, the system controller may react to these decisions by 
ending processing, if an endpoint detection is determined, 
or initiating a cleaning function, if cleaning of the 
chamber is deemed required. The parameters and correlated 
data may also be stored in the RAM 13 2 for historical review 
of processing trends. As such, new parameters may be 
determined for future monitoring. 

Although the signal analyzer 122 is described herein as 
being a stand alone general purpose computer that is 
programmed to perform the data acquisition and processing 
functions, these functions may be incorporated into the 
system controller 110 and executed on the microprocessor of 
the system controller. 

By correlating a number of signals and/or parameters 
that are monitored by the signal analyzer, the signal-to- 
noise ratio (SNR) of the correlated parameters is increased 
over the SNR of any one parameter signal alone. As such, 
for a number of parameters, the parameters are known to 
. simultaneously change at a particular point during 
processing of the wafer. All of those changes can be 
correlated such that the detected signal is much larger than 
the underlying noise of the system. For exainple, a pressure 
change at the endpoint in a photoresist strip process can be 
correlated with the RF parameters that change due to a 
decrease in a chamber pressure. Such a pressure decrease 
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causes the match control unit to change the control voltage 
to insure that the RF power is matched to the new chamber 
pressure. Further, a signal is provided by the system 
controller to change the gas flow rate from the gas supply 
144. in addition, at the point in a photoresist strip 
process when the pressure changes, the plasma optical 
emissia also will change. Thus, these three parameters 
(e.g., chamber pressure/ match control voltage and optical 
emissions) can be correlated to best indicate the endpoint 
has been reached in a photoresist strip process. 
Additionally, these correlated signals as well as others can 
be monitored from wafer- topwafer such that trends in the 
correlated signals can be detected. Such trends are 
indicative of build-up of impurities and deposits within the 
chamber. When these wafer-to-wafer correlated signals 
exceed a certain threshold, the chamber can be deactivated 
and a cleaning process engaged. 

To further improve the decision making properties of 
the signal analyzer, well-known techniques for decision 
making can be used such as fuzzy logic, neural networks or 
stochastic processing. 

FIG. 2 depicts a signal acquisition and analysis 
routine 200 that is executed by the signal analyzer (122 of 
FIG. 1). The routine begins at step 202 and proceeds to 
step 2 04 wherein the data representing the various 
parameters is acquired. Data acquisition occurs by the 
signal analyzer 122 periodically polling the various 
parameter sources for input circuit data. Alternately, the 
data may be provided to the input circuit on an interrupt 
basis or as a combination of polling and interrupt. 
Depending upon the characteristic that is being monitored, 
all or a subset of the parameters may be used in the data 
correlation and processing steps. 

Using a statistical engine 224, all of the parameters 
selected to provide information for a particular process are 
correlated with one another and stored in memory at step 
206. The statistical engine 224 also performs, at step 208, 
a wafer-to-wafer correlation, wherein correlated data from 
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previous wafers at this point in the process axe compared to 
the presently acquired correlated data in an effort to 
statistically determine a trend in the wafer-to-wafer 
correlated signals. The wafer-to-wafer correlation may also 
be performed by comparing the presently acquired correlated 
data to a theoretical model of expected values . The trend 
is indicative of a chamber that contains impurities and 
requires cleaning. As such, the wafer-to-wafer correlation 
signal is compared to a threshold at step 210, and if the 
correlation signal exceeds the threshold, the routine sets a 
wafer-to-wafer flag. This flag indicates whether the 
chamber requires cleaning, or some other process, after the 
present wafer has completed processing. 

The threshold values and correlated signals are 
preferably expressed as a ratio of monitored parameters. 
For example, the signal analyzer 122 receives signals 
representative of source tuning (ST), load (SL) and current 
(SI) levels and bias tuning (BT) , load <BL) and current (BI> 
levels. Calculation of the expression C = (STxBTxSI)/(SLcBLxBI) 
results in a value for determining if chamber cleaning is 
required* Specifically, if 1< C < 2, then the chamber is 
functioning within its normal operating range. if C<1, this 
condition indicates a hardware failure in the system. If 
C>2, then the chamber has exceeded sanitary limits and must 
be cleaned. Alternately, the ratio .of carbon to fluorine 
can be monitored against a theoretical value programmed into 
the signal analyzer. If the observed ratio departs from the 
theoretical value, this also indicates that the chamber must 
be cleaned. j 

At step 212, the correlated data for the presently 
processed wafer is compared to a threshold, and the routine 
decides whether to continue processing or to cease 
processing for this particular wafer. For example, if an 
etch endpoint is to be detected and the correlated signal 
does not exceed the threshold indicating the endpoint has 
been attained, the routine will proceed along the NO path 
220 to continue the etch process and acquire data at the 
next data acquisition period using step 204 . This loop is 
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repeated until a decision is made that the endpoint has been 
attained, and at that point , the query block of step 212 
will proceed along the YE$ path to step 214, 

At step 214, the signal analyzer will cause the system 
to react to the decision. Such a reaction may be as simple 
as illuminating an indicator lamp indicating that the 
endpoint has been attained, or it may require a signal to be 
sent to the system controller to automatically deactivate 
processing. At step 216, the routine queries whether 
another wafer will be processed. if the query at step 216 
is affirmatively answered, the routine proceeds along path 
222 to acquire more data with respect to the next wafer. If 
another wafer is not to be processed, i.e., the wafer-to- 
wafer flag is set indicating that the chamber is due for a 
cleaning process, the routine exits at step 21B. 

In sum, a semiconductor wafer processing chamber is 
monitored by a signal analyzer that accepts environmental 
and system parametric data during wafer processing to detect 
changes in wafer processing characteristics. Depending on 
this data, the signal analyzer determines optimal wafer 
processing conditions and reacts accordingly. Specifically, 
a statistical engine correlates two or more of the 
parameters to determine completion of a particular process. 
The correlation of two or more signals reduces the overall 
signal-to-noise ratio thereby improving detection of a 
desired process condition (i.e., wafer processing endpoint). 
Additionally, the correlated data can be compared to 
previous data or a baseline theoretical model to determine 
trends that occur during processing. The trends are 
indicative of chamber characteristics that require 
correction or evaluation for improved wafer processing 
(i.e. , chamber cleaning required or additional parameters 
monitorable for increased accuracy in endpoint detection) . 
As such, a more precisely manufactured product (i.e., a 
semiconductor wafer) is produced under improved 
manufacturing conditions . 

Although various embodiments which incorporate the 
teachings of the present invention have been shown and 
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described in detail herein, those skilled in the art can 
readily devise many other varied embodiments that still 
incorporate these teachings. 
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4. Brief Description of Drawings 

FIG. 1 depicts a block diagram of a semiconductor wafer 
processing syste ni containing a multiple parameter signal 
analyzer in accordance with the present invention; and 

FIG. 2 depicts a flow diagram of a data acquisition and 
processing routine. 
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1. Abstract 

A method and apparatus that provides process monitoring 
within a semiconductor wafer processing system using 
multiple process parameters. Specifically, the apparatus 
analyzes multiple process parameters and statistically 
correlates these parameters to detect a change in- process 
characteristics such that the endpoint of an- etch process 
may be accurately detected, as well as detecting other 
characteristics within the chamber. The multiple parameters 
may include optical emissia, environmental parameters such 
as pressure and temperature within the reaction chamber, RP 
power parameters such as reflected power or tuning voltage, 
and system parameters such as particular system 
configurations and control voltages. 
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^'a -fe x ©te.^T^-r „ 

[0 0043 

[«W*i)»9lO«fc5i-r*»B3 4$£©*©«lHJW:. ffe 
<D«fiT 7' ^ Xvoc «t 0 *Jft 3 ti S«t»©aiWli IB! D 

< , mktzm mm t mm* oes ^s©k®*j «t yf« 



(3) 

3 

•jfy^^nm^ C©<£ *>&:*-^-x-;; 5=->^* 

[0 0 0 5 ] U/c^T. C©^T«, ^agf*^*- 
;^il~>x 7^A©/cfe©%JIMI£m^rC& oT^icS 

mffi&mmzti-c^z. io 

[0 0 0 6 ] 

[aigi^^T^fc*©^®] ®.mmm* 

£«&©7'aizXA5^-££m>TS£*lT£73&teJ: 
5.*-* <W*.«. Kl£^>^rt©EE7J^fiS) . R 

P*K) . ^fA;<7^-f (mi*. ^©->x^ 
[0007] mcmtefMcm^z i, *»wb. ^© 

#SJfc^l*>^ft©^14©f^©^b£^-f £. C©$C 

ltx>^>«, ^©•^-^'n-kxc^T^-rc: 
i36***JMK*tr9. mtf. c©«Bf«. x-^^>^ 30 

A3>hn-7(c^tSCi*s-C*5. 
[0 00 8 ] C©«Dtti>^>«. — «5&5K;yiffl3>f 

•>xfA3>hc3-70V'fi'n-7 - a-fe7tF , 3riff2 40 

[0 0 0 9 ] C©#cltx>>>>«. *#ft»l->XfA 
1*3 ©« © -fe > 6 X- * £ Wte -t Z> f - £ Wte/tik 
S;U - ? > ©-g|5£ Mf& L . a * ©«'J5E^ 9 > - £ "C 

•So mf©'i7i-^©+BRl7 r -^*3Kft©'i'i->'>©fflB9 
^-*£Jfc«bT. +) *-<"lffl©tBW«fa*3li«>*. C 

oxmmfa ammo osoffi* * - ^ra v 



*$6B¥ 1 1 - 8 7 3 2 3 

4 

i> 5 *»r ^ n/cB$.c5T y n -fe * ttflut sn. c © jl- 
©s*- urates;* nr. ;i/-*>»*rLi»8HifaHS. 

m«* + >;<©i$fci*K:A*. *FU»'>*->v&*!MKc 
*8^{c«. c©;i— ^©^-^KW-TSf"- 

[0010] attO^^y-JfSrffiMS-SiCitCJco 
r. tBMff^Dff-^ttSi^it (SNR) tt> i©^-^- 
7^-^©SNRJ:HS*t^:#<^5. C<DtcSb. 

5 fcSEfbK: j£ D fclbfE**^ < tf 5 £1 Ofi-C i* 5 . M 

a< ~>x^A©!f$ttjea^ti{*-r€.„ 
[001 1 ] 

[#6BJ3©fyfe©»*»] *»9!©F«igF». iJStt©0Iii 

*>fcjWT©#ffl&i&9§*fcitt- 4 c i ct *j m^mm 

[0012] ffi»*S»«:-J-Sfc». HffiiCitil©[5l- 
S3RtC«BjSer«clK«3 PI-©#J^#-^?r«ffl 0W5 o 

[ 0 0 1 3 ] m 1 «. *»?B©fl#»«TS 1 2 2 KIS^- 
jn/rfift'Ji-Ajnii/Xf A 1 0 0©:/p i» i'll 
^Lti>5. c©$i^i-^I->^fAl00 

k, ■ji-^j^f x^ji/jfcBtty^ 1 0 6%^ 

■thmfc^ + l/^l 0 2i, RF^iiil0 8i. 
i'SSl 1 2i. Sl£*'X^7'fe>7''J 14 8i, -> 
XfA3>FP-7 1 lOi, *^"Cl>*. -tf-te:/* 
10 6H, ?- + >^F t 3-C^x-^ 1 3 8^3t^-r-S„ C 

^^©^Mitc^o^.c-^^^-rsstm? 1 ^ » ^ 

1 3 4*£A/Ct>£. C©f + 7 9 L + 7 5'm<!Sl 
1 2tcj:-pT«;*j£flM&3ftS. C©lf-fe7"^«, 7"^ 

v-F». RFSiHi 0 8{c*g^stit:i»s. M^ti. 
x s» ^> ^~>X fATtt, ^rJStC^'X (Cig^ 

■fe>7''J». 3»«1 4 6tecfctf-7X*.rt,F 1 4 2 

T^ + >^1 0 2tCSJ£^*fifet&-rS^«l&«l 4 



(4) 

5 

», ^XfAn> b p--7 1 1 0 &c«fc oTfMfflJSftS. 
CO^Xvli, ^a»i*<i7i-7N 1 3 8CD*S(D^*7X 

[00 15]fif»ffS122tt. COfi^s-^ 

77X7 10 40^, 28^1 1 6 ^riSifi 
0r3t*a« 1 2 0 KA^. ?t>^102 <D*f fflijT-£> 
-a "OKI 1 6©iEffiK:iBll3ti/t*l*ffiSl 2 0», £ 10 

OlEtt, — o©/<5^-* <«*.«. (OE 
S) ^^-£) iLtfl^tfrSK^Sn^. CO 

< ©««© t CD i T -5 C i ifiX * 5 . 
[ 0 0 1 6 ] RF«8B 1 0 814. RFA5j(-$l;t)SS 

[0017] ^fA3>Fd-7 1 1 014, RF1S 
1 0 8 *$ .fctfD C ? + » *«?Si 1 1 2 «c«|fflf3#*#|& 

^J^TS. ttc. ? + fig-fe>1f, 7*77-f 

&©8tJg-te>U- l l 4£^A,-ct,>T&J:i,>. ctiW 

>if«. — jttcc. Agassi 4 otcfe*s^snsT^p 30 
^sii^^-r-s. c©A7j@ss«, sMstcjstrcn 

[0018] {s-*#«t» 1 2 2 W. 313?, **toH3ilE 
(CPU) 12 4, «»© Affi7Ji£S 1 2 6 . 

128 (wz.it. mm. t>u>i>m&. 

5, , rwhmm*u (rom) 13 

0, fcic^^'ATi'-teXy* V (RAM) 13 2£ 

[0019] (b^WSI*. C©#W2I^©A7J£ It 

Bfl<* 7 r -*B5tf#/#ia.>l/-?->2 0 014. CPU 
1 2 4 J: ^Htf B#«c «— «g#Jte R A M 1 3 2 tc^Ii U 

ri,>s3Effni«av7 hvi77'ny7AW„ 
zcomt)t ur-^ a 6 4-1 ■s. c©j: 5 Jiff© 

"f SCi^T^S. C©/c«>, ->Xf A3>hD-7 50 



»PS¥ 1 1 -8 7 3 2 3 

6 

«. ^©^m^«»f3nfc«-^{*i^T«iatcj:-Q-c. 

* + >^'©?5fe^*!^S ifibtii *B^«?5fe^««l© 
H*6«: j: ~>x, c ft e> ©WBrtc JSitf 5ci«^5. 

cne>©-'^y-^*jJ:!>*ffiRIf r -^{i > ®S^[6]©BI 
JSUSS©fcSbicRAM 1 3 2(CIBtf.LTfccfct^ C©/c 

[0020] 1 2 2 1*. 7-$mm/*mm 

iaffl ^ > f * - # r *> 4 1 v x **mmwc itmi b x t » 

Cti6©»^yXfA3>Fn-7l lOtcfi 

±-c»f r £ «fc -5 &c l. r i> J: 1 » . 
[0 0 2 1 ] m^W»«cJ:-5TB«Sft£«B©m-9 

^W^'5^-^©m-^*t^i;b (SNR) «, i"©^*v 
^-£«-*Mi4£©SNRJ: 9 c©/c«t>, 
^©/^y-^tc^LT, Ctl^7^-*^i 
-^©^ffiiticD^cDB$>S-C[i]B#K^bT-S C ttfftfr 

■5. t©^^^©-^-^, M$h5<i^->^ 
^AOWSSt^J: 0 < ft£=fc 5 KtBKIStf 

©«*^tc*5W4jE*^btt. + >^j&j<Dmj>icmm 

C© <k -5 &E*j©ffiT«: «fc »3 , H^IJ©3.^ 9 b 
it, *U»*E*SCAT. RF^7-*i»fU^+>^E 

4^e>©* r x-^fi?r^'fb$-f±?>/cfcic. ^rA3>F 

v-^icjz-^xm^&msztiz. mic&tc, 7ti-u 

(T^cfc*., 5=- + >^*JE7J, SS^#JtSH«Hfccfcc>*ffeft) 

k. cti6©ffl«ifi#*j«tcf-?-©fl6©m#t4. 

-^IBfflRKt-«f36fiRF5e©L*lr>«*ifflitA:?>. 5=- + >^ 
©SIe* ± U r gfei^ 7' n 42 X tf "5 C i * 3 -c # 4 o 

[0022] «-^#fs©«^^ja$tt*Mtca*r s 
W5aa^i\ ja*p©«^fc3e*ffi*fiefflr*ci*i'c* 

[0 0 2 3 ] 02(4, ■ft-^7>WS <H 1©1 2 2) CCfc 
c©;i/-f>«, ^7'2 0 2*^itel/, a*©;-* 

7>-i'4Stf-fW?nS^f77 , 2 0 4CCM 
tf. 7 =; -^IX#t4, A7J[5IKT ; -^©5'cis6©a^©^- ; '7 
y - * V - x&5£JW*Hc#- 'J > iff &m*ZftVr& 1 2 



(5) 

7 

2 -C=ff*3n C<Dftt>*)t,C, C©7=-££f!liA 

[0 0 2 4 ] 1#5t©^n-fe^tct»$B*««-r-2)fcfe(cjS 

T©cltx>^>2 2 4 ?:ffll»r5C>{CfflM3-a-e)n. ^ 10 
^Vl^tCfBltSnSo C©iKlti>> ; >2 2 4», 

'>IBtaiH«#tc*5l* *«l$J*ttW-Wfc^8f>J: 
r. 7•^•fex©^:©B#^^c*5W^>iiJ©'^;x-^^A^©1 : l 
JgfiSXff 3*ifcffllH? r --*£J:k«3ft*. 

•5 * - ^isiffiBBftw b , 3ifflR» $ n/cfflrax- $ 

#©*Bff «*> €> a * a»*^u £ kk*£? £ C £ Cc J: o r 

M^r^TttilS^i It t,>5 C i =5rSt. c© 
fcefc. , ?i-^lfflfflMi^inf-7y2 1 0Tt/#t,>ffl 20 

£Jt#3*i. c ©«»«## u*i»tt*fi*.T<,>ft«. 
#s*5feit*>^-©{fe©7* a -te x £ -T S *> £' 5 *^ 

r. 

[0 0 2 5 ] L*l»fM3j:ttfBM{a#tt. 

«. f^ffS12 2tt. V-*RW (ST) . V-* 
(S L) fcJcW-xmiS (SI) ©U^Jk & 6 
tKC^-Y TXfHjfE (BT) . rtJTXlM (BL) 30 

cxvwr*** (b i ) ©i^ju*a-*MB#*sfrr 

■5,., SC= (STXBTXSI)/(SLXBLXB 
I ) ©ttfcfc: «fc 0 . * + >/"<©!5t^^S^ £* 5 

Kr-5fe»©ffl*J»6n*. ftwci^si, i<c 

<2©»£. >^<tt-€-©iEfiWW^«SHrtt?«lttLr 
C< 1 ©ig^, CO^Bi^^A*©^- 

iTHf^uTus. c>2©*§£\ ?- + >->m> m 

up^&ztifcmmmicztu-zm.&LLxbjzi,*. mmz 40 

£ft#b&wftB&6&i>c££^i/-rt,>&„ 
[ 0 0 2 6 ] xf v 72 1 2T«, stress 

>B^-*IS&2 2 Ofc^T^rx ^^Vp-fex 
^tfi/. xf ^2 0 4^ffl^r;x©7 r -^^f#»rB^ 50 



sfcHJ¥ 1 1 - 8 7 3 2 3 

8 

B, 1 2©ra^-&^P y^*Wi^ig8Stc?9 

oTit*. ^T77'2 14JC15. 
[0027] ^f"?7"2 1 4T«, t^W^^f 
A*C©*iJ»riCJgl£;$-B-S„ C©«fc5fcKlfc«. I&SK 
it U C £ £^c-T > - £ 5 > y'&gJj'T SiU-D 
fc«l£©1Mi&fc©-C*oTfc«fcl,»U «a*g«rfM: 
"T 5/cfc(cfi-^?:->x f-A n > h P - 7(cjiS c £ £36 

WtOTinttiO. ';7 - 2I6Ttt, g(©^ 

Xf7 7'2 1 6©B^-a*1t5EWfC{£:SSn-Si. >l- 
?>tt«B2 2 2tcj&-5rit*. ^Oi-AicHti 

T&fr^* + >''«©j5fc#:/P-te**fT ^^T*4 

tt. C(Z);l/-?>IWf';7"2 18T«7n. 
[0 0 2 8 ] ^Ifteii-Aillilf 

h:, ■> * -^mmtpic&m'*? u^x 
■f a^ - 7 y - ^ f r - » o r -7 x ~^wm^i<D 
SE^b*tftHi-r*«#^«f»K«fc^Tlgfll3*i4. c©x 

i>^>*s~ojy±©7N-7y-^€rtiRI$-a-r > ^© 

ffl^sits. jsk, c©«Wf*- **?fc 

ftffll©fc»K:tt«tiE-^WflB*^* t T Z> * + >^' ! lttt 
a©fflS?r«*Sfcis6tcK?l"5Jtgaigtt]^'7y-^) ^ 

b, mt^^iii, a#snfcSi»^#©tit 

[0 0 2 9 ] *WIB»-Ctt. *»W©UB^F«3S*«*ii 
[01 ] #WBtc«*-^*-;<7-rf-*d#fl-*f8*£ 

[112] f r -^mf#/i!is^-^>©-7P--?i'- ft 

[^©SJBJ] 

1 0 o-mm#y i-^^n, 1 0 2-s:i£;^ + > 

10 4-7'7X7, 1 0 6 •••■7 v -fe^^. 114-51 
«-fe>1f, 1 1 8-aiB*. 1 2 2 •■■«■*$}•«». 1 3 
138-9x-a, 14 2-7-^ 



(6) 1 1 - 8 7 3 2 3 

9 10 
;l/F, 14 4-#^m 14 6-«f, 14 8-5* * j£#X{£*&T-te >:/ U . 
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WH¥ 1 1-87323 



[02] 



202 



-r— 
2QQ 















2tt ^ 



-204 



206 



Oi-nlSlfUftit 



z: 



208 



224 



•210 




220 



214 



216 



J — 



218 



